We apply the panel unit root tests, heterogeneous panel co-integration analysis, and panel-based error correction models (ECM) to examine the long-term co-integrated relationship between national income and fishery consumption in a panel of 101 countries for the period . In addition, we utilise a panel dynamic ordinary least squares (DOLS) model, to assess the effect of national income on fish consumption, and vice versa. Our empirical results provide clear support for a positive long-term co-integrated relationship between national income and fishery consumption after allowing for a heterogeneous country effect. Further, we display a bi-directional causality among these variables via the dynamic panel-based ECM in the long-term, and demonstrate that fish is a common food. Finally, our full sample is divided into developed, developing, southern hemisphere countries (SHC) and northern hemisphere countries (NHC) to discover the broader effect of income on fish consumption if any, and vice versa, among different levels of economic development and diverse regions. This facilitates our understanding and provides more insight into the characteristic of fishery among different levels of economic-geography conditions. We propose fishery policy recommendations through our findings.
Introduction
Global average fishery and seafood consumption per capita has reached 16.69 kg in 2008 (live fish weight equivalent), an increase of 24% from 1990. 1 According to Nestle et al. (1998) , annual household income influences food choices, particularly costly foods such as fish. Namely, fish is expected to be less accessible in 'poor urban and rural communities', and even if it is available, insufficient capital potentially generates a barrier for acquisition and consumption (Nestle et al., 1998) . Indeed, Trondsen et al. (2003) show that those with the highest income had significantly lower likelihood of perceiving price as a barrier to the consumption of fish. Households that maximise utility, subject to price and income, recognise the 'prevailing price' as a motivation for not consuming more (Myrland et al., 2000) . Previous literature has investigated the relationship between household income and fishery consumption. However, these findings are based on individual country analysis and generally do not account for causal impact between fishery consumption and income.
The panel data approach provides more powerful tests and estimates, and allows us to increase the information available from the cross-sections. The purpose of this article is to examine the long run co-movement and the causal relationship between national income (measured by real gross domestic product [GDP] per capita) and fishery consumption (measured by the annual food supply of fish and fishery products per capita) by working with 37-year panel data covering the period of 1970-2006 for 101 countries. 2 For a deeper investigation, we divide our full sample into 24 developed countries (DDC) and 77 developing countries (DGC), and also group our full sample into 73 northern hemisphere countries (NHC) and 18 southern hemisphere countries (SHC). We attempt to discover, if any, the broader effect between GDP and fishery, among different levels of economic development and different regions. It is expected that the empirical results will lead to different policy implications and provide different recommendations for all regions in our analysis.
As a result of this continued interest in food behaviour, several studies have attempted to identify the effect of income on fishery consumption via a cross-sectional analysis (Myrland et al., 2000; Trondsen et al., 2003 Trondsen et al., , 2004 Verbeke & Vackier, 2005) . However, these empirical studies have not resolved the question of how fish consumption is influenced by income. For instance, Myrland et al. (2000) and Trondsen et al. (2003) demonstrate that there is no direct relationship between income and fishery consumption in Norway. In contrast, Burger (2002) finds that consumption patterns of fish were negatively correlated with mean income in the Newark Bay Complex. Trondsen et al. (2004) discover that income has a significant negative association with consumption of lean and processed fish in Norway. Conversely, Verbeke and Vackier (2005) show that fish consumption is considerably lower among the lowest income group in Belgium.
A similar body of research has been devoted to understanding the broader macroeconomic impacts of fish consumption (Gillett & Lightfoot, 2002; Peterson, 2003; Zeller et al., 2005; Bell et al., 2009; Kim, 2010) . Petersen (2003) emphasises the significance of the fishery industry and underscores that fishery revenue represents a sizeable amount of government revenue, export earnings and GDP of the Pacific island countries. 3 In addition to providing food and trade, Zeller et al. (2005) highlights the 'subsistence, social, and cultural' value of fish for many Pacific island economies. Bell et al. (2009) indicates that fish is the most critical renewable resource and supplies extensively to 'subsistence and market-based economies' in Pacific island countries and territories. Gillett and Lightfoot (2002) document in great detail the importance of fishing and fisheries to the economies of Pacific island countries. Meanwhile, the expansion of fishery industries has generated increasing opportunities for employment, thereby inducing economic development (Kim, 2010) . In considering the relationship between fish consumption and aggregate income, we are particularly motivated by Kim (2010) , who emphasises that fish consumption has substantially increased as the overall economic conditions have improved in northeastern Asia.
Fish consumption has been continually recommended as an important part of a healthy diet and good nutrition. It has been maintained that consuming a mixture of fish and seafood prevents helps to prevent various diseases (Trondsen et al., 2004) . Perhaps it is not surprising that nutritionists and physicians advocate the consumption of fish and fishery products. Altekruse et al. (1995) and Trondsen et al. (2004) explain the presence of a positive relationship between fish consumption and health consciousness. Connor and Connor (2000) argue that high consumption of fish oil lessens the probability of various diseases. Given the implications and importance of fish and fishery products, it is critically important to understand the relationship between fish consumption and national income. Therefore, we ask, what is the long-term relationship between national income and fishery consumption? What are the differences among different levels of economicgeography conditions? More importantly, how can economic growth contribute to an increase in fishery consumption? Employing panel data analysis enables us to account for the presence of heterogeneity in the estimated parameters and dynamics across countries (Baltagi, 1995) . Hence, different from time-series or traditional panel data analysis, the panel co-integration model can selectively pool the long-term information contained in the panel error correction model (ECM) while allowing the short-term dynamics and fixed effects to be heterogeneous among different countries within the panel (Pedroni, 2000) . In addition, the panel co-integration technique provides more precise point estimates of the co-integration vector with reasonably accurate asymptotic approximations to the exact sampling distribution (Mark & Sul, 2003) .
Hence, we apply panel unit root and heterogeneous panel co-integration tests to investigate the long-term co-integrated relationship between GDP and fishery. Then, after the long-term relationship is established, we utilise a panel dynamic ordinary least squares (DOLS) model, with asymptotically unbiased estimators, to assess the influence of GDP on fishery, and vice versa. Further, we generate a panel ECM to explore the short-term and long-term causalities between income and fish consumption. Using the empirical results, we argue that an uni-directional causality flowing from income to fishery consumption indicates that fish is a common food, for which demand increases as income rises and decreases as income falls, i.e. positive income elasticity (under the assumption that prices remain constant). Alternatively, a bi-directional causality suggests that fishery consumption and the level of income mutually influence each other endogenously. Also, a uni-directional causality flowing from fish consumption to income provides evidence that the development of fishery industry generates economic growth, as argued by Kim (2010) , for example. Further, the lack of causality implies zero income elasticity, for which demand does not change as income changes.
The rest of the article is structured as follows. In Section 2, we explain the empirical methodology utilised in our investigation. Section 3 describes the variables, provides data analysis and discusses the empirical results. The final section summarises the major findings and provides policy recommendations.
Empirical methodology

Panel unit root tests
Prior to examining the co-integrated relationship among the variables and implementing the panel data approach, we confirm that all the variables follow the integrated of order one, I (1) process. We employ the panel unit root tests proposed by Levin et al. (2002) to investigate the stationarity of the variables. These tests provide relevant information for determining the characteristics of non-stationarity of the panel. Levin et al. (2002) proposed a panel-based augmented Dicky and Fuller (1979) test that restricts parameters by keeping them identical across cross-sectional regions as follows:
where t ¼ 1; :::; T time periods and i ¼ 1; :::N members of the panel. The Levin et al. (2002) tests the null hypothesis of # i ¼ # ¼ 0 for all i, against the alternative of # 1 ¼ # 2 ::: ¼ #\0 for all i, with the tests based on the statistics t # ¼#=s:e:ð#Þ.
Nevertheless, a shortcoming of the Levin et al. (2002) test is that # is restricted, provided that it is kept identical across regions under both the null and alternative hypotheses. Subsequently, Im et al. (2003) relaxed the assumption of the identical first-order autoregressive coefficients of the Levin et al. (2002) test and allowed # to vary across regions under the alternative hypothesis. Im et al. (2003) tests the null of # i ¼ 0 for all i, and the alternates of # i \0 for all i. According to the mean-group approach, the Im et al. (2003) test uses the average of the t # i statistics to conduct the following Z statistic:
where t ¼ ð1=N Þ P N i¼1 t # i ; the terms Eð tÞ and Varð tÞ are the mean and variance of each t # i statistic respectively, and they are produced by simulations and are tabulated in Im et al. (2003) . Also, Z converges to a standard normal distribution. Based on Monte Carlo simulation results, the Im et al. (2003) test demonstrated that the test has more favourable finite sample properties than the Levin et al. (2002) test. In the interest of robustness, we present the Im et al. (2003) and Levin et al. (2002) panel unit root tests in the empirical results.
The panel co-integration tests
We utilise the panel co-integration test, developed by Pedroni (2004) , to explore the long-term relationship between fishery and GDP. Pedroni (2004) considers the following time series panel regression:
where Y it and X it are the observable variables ('fishery' and GDP, respectively) with dimension of ðN Ã T Þ Â 1 and ðN Ã T Þ Â m, respectively. The parameters a i and d i allow for the possibility of member specific fixed effects and deterministic trends, respectively. The slope coefficients b i are also permitted to vary by individual, so that in general the co-integrating vectors may be heterogeneous across members of the panel (Pedroni, 2004) . Pedroni (1999) developed asymptotic and finite-sample properties of testing statistics to examine the null hypothesis of non-co-integration in the panel. The tests allow for heterogeneity among individual members of the panel, including heterogeneity in both the long-term co-integrating vectors and in the dynamics, given that there is no reason to believe that all parameters are the same across countries. Two types of tests are suggested by Pedroni (2004) . The first type is based on the within-dimension approach, which includes four statistics. They are panel v-statistic, panel ρ-statistic, panel PP-statistic, and panel augmented Dickey-Fuller test (ADF)-statistic. These statistics pool the autoregressive coefficients across different members for the unit root tests on the estimated residuals. The second test by Pedroni (2004) is based on the between-dimension approach, which includes three statistics. They are group ρ-statistic, group PP-statistic, and group ADF-statistic. These statistics are based on estimators that simply average the individually-estimated coefficients for each member. 4 Each of these tests is able to accommodate individual specific short-term dynamics, individual specific fixed effects and deterministic trends, as well as individual specific slope coefficients (Pedroni, 2004) .
All seven tests are distributed as being standard normal asymptotically. This requires standardisation based on the moments of the underlying Brownian motion function. The panel v-statistic is a one-sided test where large positive values reject the null of no co-integration. The remaining statistics diverge to negative infinitely, which means that large negative values reject the null. The critical values are also tabulated by Pedroni (2004) .
Panel dynamic ordinary least squares estimations
In the presence of unit root variables, the effect of superconsistency may not dominate the endogeneity effect of the regressors if DOLS is employed. In order to investigate the panel co-integrated relationship between fishery and GDP, we implement the panel DOLS model, provided by Kao and Chiang (2000) , which includes leads and lags of the independent variables as shown in the following equations:
where t ¼ 1; . . .; T i ¼ 1; . . .; N , a i and u i indicate the country-specific effect, and q i represents the leads and lags of the independent variable in first differences. v i;t denotes the disturbance terms following the I(0) process. The panel DOLS estimation is fully parametric and offers a computationally convenient alternative to the panel fully modified OLS (FMOLS) estimator proposed by Phillips and Moon (1999) and Pedroni (2004) . The co-integration analysis of the panel data consists of four steps. First, we use the Levin et al. (2002) and Im et al. (2003) tests to determine the characteristics of nonstationarity of the panel. Second, we employ the Pedroni (2004) heterogeneous panel co-integration test to investigate the long-term relationship between GDP and fishery. Third, after the long-term relationship is established, we utilise the panel DOLS technique for heterogeneous co-integrated panels to estimate long-term equations. Finally, we produce a panel ECM to explore the short-term and long-term causalities between two variables.
Empirical results
The analysis of full sample
We utilise annual data, over the 1970-2006 period, covering 101 countries. 5 The annual data is utilised in order to circumvent any complications that could arise from seasonality, provided that fishery policy considers seasonality in fishery demand (Vanegas & Croes, 2003) . We extract annual food supply of fish and fishery products per capita (unit: kg/person) from the FAO of the United Nations. 6 The series real GDP per capita (constant 2000 prices), expressed in US dollars, is taken from the World Development Indicators (WDI) (2008) . The time series fishery and GDP are transformed in natural logarithms. We provide descriptive statistics in Table 1 . In addition, time series behaviours of variables for each country plot as for each country in Figures 1 and 2 , respectively. We also provide some preliminary evidence of potential long-term relationships between mean of GDP and fishery in Figure 3 , illustrating a trend of long-term co-movement between the variables. Table 2 presents the panel unit root results for each of the series. According to Levin et al. (2002) and Im et al. (2003) test statistics, the variables 'fishery' and GDP exhibit unit root behaviour at the 5% significance level at least. In addition, the results display the stationarity of the differencing variables, indicating that the variables in the level form follow I (1) process. Next, we proceed to investigate the co-integrated relationship between GDP and fishery. We implement the following equations: Table 3 reports the estimation results of the panel co-integration tests. When the dependent variable is 'fishery' (column 2), all test statistics significantly reject the null of no co-integration, providing strong evidence for a co-integrated relationship among the variables. Also, when the dependent variable is GDP (column 3), four test statistics (panel q, panel PP, panel ADF, and group PP) significantly reject the null of no co-integration. Therefore, our findings establish a long-term co-integrated relationship between fishery and GDP. Further, we apply panel DOLS estimation, with asymptotically unbiased estimators, to examine the long-term effect of fishery on GDP, and vice versa. 5 1970 1975 1980 1985 1990 1995 2000 2005 Bolivia. Table 4 reports the results of country-by-country and panel DOLS, when the dependent variable is 'fishery'. On a per country basis, 61 out of 101 countries in our sample demonstrate that GDP has a positive impact on fishery, where the statistical significance is marginal at least at 10% level. The panel estimator is displayed at the bottom of Table 4 (5.712), these results are in line with Kim (2010) who explains that fishery consumption has considerably increased as the overall economic conditions have improved in northeastern Asia. The DOLS estimates of the elasticity of GDP with respect to fishery are significantly larger than 1 in over half the countries in our sample. Further, we find that the variable GDP is negative and statistically significant in Lesotho, Panama, the Philippines, Rwanda, Senegal, the Solomon Islands and Venezuela. These findings are consistent with Trondsen et al. (2004) , who discover that income has a significant negative association with consumption of lean and processed fish in Norway.
Next, we present the results of country-by-country and panel DOLS, when the dependent variable is GDP in Table 5 . Again, the panel estimator is displayed at the bottom of Table 5 as 0.077, the variable 'fishery' is positive and statistically significant at the 5% level. Compared with Table 4 , the magnitude of GDP is larger than fishery, highlighting the role of income for fishery consumptions. On a per country basis, 66 out of 101 countries in our sample demonstrate that fishery has a positive effect on GDP, where the statistical significance is marginal at least at 10% level. Our findings are consistent with Gillett and Lightfoot (2002) , who emphasise the importance of fishing and fisheries to the economies of Pacific island countries. In addition, Bell et al. (2009) argues that fish is the most fundamental renewable resource and supplies extensively to the economies in Pacific island countries and territories. Further, Kim (2010) explains that the development of fishery industries has produced increasing opportunities for employment, thereby stimulating economic development. Also, we display that the variable 'fishery' is negative and statistically significant at the 5% level in Kiribati, Panama, the Philippines, Rwanda, Senegal, the Solomon Islands and Venezuela. We provide a detailed summary of these results in Table 6 . To conclude, the country-by-country and panel co-integration test results clearly indicate that there is a considerably strong longterm co-integrated relationship between fishery and GDP in our sample.
Once the two variables are co-integrated, we follow Chang and Lee (2010) , to implement a panel ECM to examine the short-and long-term causalities between GDP and fishery.
7 A panel-based ECM accounts for the two-step procedure from Engle and Granger (1987) : the first step is the estimation of the long-term model for equations (6) and (7) in order to obtain the estimated residuals, e it and m it (error correction term [EC] ), and the second step is to estimate the Granger causality model with a dynamic error correction as follows: (9) where Δ denotes first differencing. We must use an instrument variables estimator to deal with the correlation between the error term and lagged dependent variables under the dynamic panel data model. During our examination procedure, we find that it is necessary to satisfy the classical assumptions on the error term when the lag length is 2, and, in turn, we use three and four periods as instruments for the lagged dependent variables. The sources of causation can be identified by testing for the significance of the coefficients of the dependent variables in equations (8) and (9). First, for short-term causality, we can test H 0 : h 12ik ¼ 0 for all i and k in equation (8) or H 0 : h 21ik ¼ 0 for all i and k in equation (9). Next, the long-term causality can be tested by looking at the significance of the speed of adjustment k 1i and k 2i , which are the coefficients of the ECM terms. The significance of k indicates the long-term relationship of the co-integrated process, and, therefore, movements along this path can be considered permanent. Next, the long-term causality can be tested by looking at the significance of the speed of adjustment k 1i and k 2i , which are the coefficients of the ECM terms. Finally, we can use the joint test to check for a strong causality test, where variables bear the burden of a short-term adjustment in order to re-establish a long-term equilibrium, following a shock to the system. 8 Because all variables enter the model in stationary form, a standard F-test can be used to test the null hypothesis, which shows that none of the estimated country-specific parameters are significant. 9 Table 7 presents the results of a panel causality test between fishery and GDP. First, both coefficients of the ECMs (k 1i and k 2i ) are statistically significant at the 5% level for FISHERY and GDP equations, providing further support for a clear long-term co-integration. Secondly, in the short-term, we display that there is a short-term causality flowing from GDP to fishery at the 5% level, suggesting uni-directional causality from income to fish consumption. However, the variable 'fishery' is statistically insignificant, although positive, at the 5% level in GDP equation, implying a lack of short-term causality flowing from fishery to GDP. In the long-term, both fishery and GDP equations are significant at the 5% level, indicating a long-term bi-directional causality between two variables. Our results provide evidence that fish consumption and the level of income mutually influence each other in the long run, and fish is a common food.
The analysis of different groups
For a deeper investigation, we divide our full sample into DDC, DGC, SHC and NHC. We attempt to discover the broader effect of fish consumption on income, and vice versa, among different levels of economic-geography conditions. For example, there are generally accepted concepts of distinctions between the DDC and DGC, the former experiencing high levels of development. Also, the mid-and high-latitudes in the southern hemisphere have insufficient land, and, in turn, present a limited local market in contrast to the northern hemisphere (Bloom & Sachs, 1998) . According to Bloom and Sachs (1998) , businesses prefer to be situated in the northern hemisphere, rather than the southern hemisphere, so as to maximise benefits from the immediacy to market. Also, the mid-latitudes in the northern hemisphere are the most densely populated regions, and thus create an enormous market for innovation (Bloom & Sachs, 1998) . Table 8 exhibits the panel unit root results for each of the series for the sub-sample countries. According to Levin et al. (2002) and Im et al. (2003) test statistics, the variables GDP and 'fishery' exhibit unit root behaviour at least at the 5% significance level in the four sub-sample countries. Also, the results display the stationarity of the differencing variables in the four sub-sample countries, suggesting that the variables in the level form follow I (1) process. As before, we proceed to investigate the co-integrated relationship among GDP and fishery in the four sub-sample countries via Pedroni's (2004) panel co-integration test. Table 9 displays the estimated results of the panel co-integration test for the four sub-sample countries. When the dependent variable is 'fishery', all test statistics significantly reject the null of no co-integration, providing strong support for a co-integrated relationship among the variables. However, the evidence of co-integration is relatively weak when the dependent variable is GDP, particularly for SHC where three test statistics are significant (Panel ADF, Group PP and Group ADF). Pedroni (2004) argued that the group statistics have better small sample properties than the other statistics. Following this line of reasoning, we conclude with a long-term co-integrated relationship between fishery and GDP in each sub-sample group. As in the full sample analysis, we employ a panel DOLS model to investigate the long-term impact between both two variables. Table 10 provides the results of panel DOLS estimation for the four sub-sample countries. When the dependent variable is 'fishery', the estimated coefficient of GDP is positive and statistically significant at the 5% level in all sub-sample countries. Similarly, when the dependent variable is GDP, the variable 'fishery' is positive and statistically significant at the 5% level in all sub-sample countries. To conclude, the regional panel co-integration results provide clear support for the long-term co-integrated relationship between two variables in all sub-sample countries. As before, we next apply a panel ECM to examine the short-and long-term causalities and display the tests results in Table 11 . Firstly, we demonstrate that there is a short-and long-term causality flowing from fishery to GDP in the DDC sample, indicating uni-directional causality from fishery consumption to aggregate income. Secondly, our findings reveal that GDP is statistically significant at the 10% and 5% level in the DGC and NHC samples, providing strong support for short-term and long-term uni-directional causality from GDP to FISHERY, while the long-term causality ECM terms in insignificant in the GDP equation. We have discovered that the increase in income raises consumption of fishery in DGC and NHC. Hence, we provide policy recommendations to encourage supply of fishery in order to meet the demand of fishery in DGC and NHC. Finally, we find a long-term bi-directional causality between fishery and GDP in the SHC sample.
Overall, we obtain the critical policy implications. First, our results provide evidence that a bi-directional causality between fishery consumption and GDP exists in SHC in the long-term, which indicates that the level of income and fishery consumption mutually influence each other. This suggests that a high level of economic growth leads to a high level of fish consumption, and vice versa. Further, our findings reflect that changes in GDP and fish consumption per capita appear to be proportional, as in the case of China and Korea (Kim, 2010) . We provide support that fish consumption and income are endogenous and, therefore, any single equation forecast of one or the other could be misleading. Furthermore, the governments in the SHC should explore channels in order to avoid the reduction in fish consumption during the period of falling aggregate income. Table 4 . * rejects the null of no co-integration at the 10% level. ** rejects the null of no co-integration at the 5% level. Source: Author calculation. Second, we find that a uni-directional causality running from GDP to fishery consumption in DGC and NHC, suggesting that GDP serves as an engine of growth of fish consumption. That is, current and prior changes in GDP have significant impact on fishery. It follows that the decline in income could potentially hinder fishery consumption in the two group countries where this form of causality exists. Simultaneously, we are able to conclude that fish consumption has a relatively weak effect on national income in DGC and NHC.
Third, the results indicate a uni-directional causality running from fishery consumption to GDP in DDC, however, not for inverse direction. This means that continuous consumption of fish and a fishery product simultaneously generates a continuous rise in income and economic growth. In this case, our findings suggest that GDP is fundamentally driven by fishery produced. Beyond this, we reveal that a strategy for sustainable development with a higher level of fishery consumptions may, indeed, be appropriate in DDC. In addition, we show the presence of weak evidence flowing from GDP to fishery consumption. Hence, in a period of business cycle recession, it is not critically important for governments to over adjust fishery policies, provided that income fluctuations do not influence fishery consumption.
Finally, as a country attempts to estimate its demand for fishery products, it is necessary to identify the explanatory variables which affect the demand function of fishery consumption. We present strong evidence that income is an important determinant in explaining the changes in fishery consumption. For example, we display that the causality is flowing from national income to fish consumption in DGC and NHC, and, therefore, it is imperative that income is utilised as an explanatory variable to explain the demand function of fish consumption.
Conclusion
We investigate the long-term co-movement and the causal relationship between national income and fish consumption in a panel of 101 countries, covering the period of 1970-2006. In summary, our empirical results provide clear support for the positive long-term co-integrated relationship between GDP and fishery. In accordance with our empirical results, we attempt to offer possible policy implications/suggestions to those sample governments in promoting fishery policy.
Firstly, the presence of mutual causality between fishery consumption and GDP offers important implications for countries in SHC: governments should particularly emphasise the development of fishery industry to spur economic growth in SHC.
Secondly, the uni-directional causality flowing from GDP to fishery consumption suggests that the benefits of economic growth lead to a rise in consumption of fishery products in DGC and NHC. This is consistent with the experience of 'food shortage', particularly in China and India, where the expansion of economic growth instigated a significant increase in demand for meat and fish, and, in turn, resulted in shortage in many parts of the world. Therefore, the governments should establish 'conservation, protection and persistence' fishery policies to circumvent the occurrence of lack of supply in DGC and NHC.
Finally, uni-directional causality flowing from fishery consumption to GDP in DDC is due to 'diminishing marginal utility' of fishery consumption, given that fishery products are consumed more frequently in DDC. In the same context, the concept of 'healthy eating' is generally established in most households. We emphasise the importance of the development of fishery industries in DDC, provided that it has created rising opportunities for employment, thereby generating economic growth. Overall, we introduce this fundamental evidence for further research on fishery consumption, fishery industry and economic growth.
Notes
